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Background: An association of Coronary artery disease (CAD) with hepatitis C (HCV) has been suggested, but
definitive data are still lacking. Aim: Our study sought to estimate the prevalence and severity of CAD in HCV
patients compared to with age-, sex-, and race-matched controls without HCV infection. Subjects and methods:
63 HCV-infected patients were compared with 63 age, race, and sex-matched controls without HCV infection un-
dergoing coronary angiography for evaluation of CAD. CAD was defined as more than a 50% blockage in any of
the proximal coronary arteries on angiogram. The severity of the stenosis was defined by the modified Reardon
severity scoring system: <50% stenosis of the luminal diameter, 1 point; 50–74%, 2 points; 75–99%, 3 points; 100%
or total obstruction, 4 points. The points for each lesion in the proximal coronary circulation were summed to
give the score for severity. Results: A significantly higher prevalence of CAD was noted in the HCV population
(69.8% vs. 47.6%, = 0.01). The combined Reardon's severity score in the HCV group was significantly higher
compared to the controls (6.26 ± 5.39 vs. 2.6 ± 3.03, P < 0.0005). Additionally, significant multivessel CAD
(>50% stenosis and $2 vessels involved) was also noted significantly more commonly in the HCV group
compared to controls (57.1% vs. 15.9%, P < 0.0005). Conclusion: In this retrospective study the prevalence
and severity of CAD was higher in HCV patients who were evaluated for CAD by angiogram compared with
matched non-HCVpatients. HCV-positive status is potentially a risk factor for CAD. ( J CLIN EXPHEPATOL 2013;3:
186–191)
Anumber of recent studies have suggested an associ-
ation between hepatitis C virus (HCV) infection
and coronary artery disease (CAD), but there is no

general consensus regarding such an association.1–3

Reports of a negative association between HCV infection
and CAD have further compounded any meaningful
inferences.4–6 Reports of an increased risk1–3 or an
increase in measures of subclinical atherosclerosis have
fueled continued interest to further explore any such
associations.7–9 One of the major drawbacks of the
earlier negative studies was the lack of well-designed con-
s: hepatitis C, coronary artery disease, prevalence
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trols and failure to control for the risk factors associated
with CAD.

Further, persons with HCV infection are at an increased
risk of developing hepatic steatosis, which shares many
clinical features with the metabolic syndrome.10,11

Hepatic steatosis has also been associated with elevated
serum levels of markers of inflammation and endothelial
dysfunction.12 These factors suggest a biologically plau-
sible mechanism of increased risk of CAD in at least a sub-
set of HCV-infected persons.

We therefore set out to determine in a case control
design the prevalence and severity of CAD in hepatitis C
patients who underwent angiogram to evaluate CAD and
compared to age-, sex-, and race-matched controls without
HCV infection.
SUBJECTS AND METHODS

This study was approved by the North Shore-Long Island
Jewish Medical Center Institutional Review Board. All sub-
jects with an established diagnosis of hepatitis C based on
their ICD 9 code in the hospital registry and with a docu-
mented positive anti HCV antibody test irrespective of
xperimental Hepatology | September 2013 | Vol. 3 | No. 3 | 186–191
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their HCV RNA status between May 2002 and December
2008 at the Long Island Jewish Medical Center were re-
viewed for inclusion into the study. Subjects with hepatitis
C were than cross-referenced with the angiography data-
base at our cardiac center for coronary angiography.
Sixty-three of 934 hepatitis C patients who had coronary
angiography to evaluate CAD during the research period
were included in the study. Basic demographic characteris-
tics such as age, ethnicity, gender, body mass index, and
presence or absence of various coronary artery disease, as
well as risk factors like diabetes mellitus (DM), hyperten-
sion, high cholesterol, family history, and smoking were re-
corded. For the purpose of this study, subjects were
identified as having DM based on review of the medical
chart for an established diagnosis and further confirmed
with review of their medication list. An age-, race-, and
sex-matched control (1:1) were then obtained from 6017
patients seen between October 2008 to September 2010
and who had cardiac angiography to evaluate CAD. Pa-
tients with known HCV infection were excluded from the
controls. The clinician selecting controls was blinded to
the clinical information of the patients except for the
data on age, race, and sex.

Coronary artery disease was defined as more than a 50%
blockage in any of the proximal coronary arteries. The
severity of stenosis was defined by the Modified Reardon
severity scoring system.13 Coronary circulation was divided
into eight segments for analysis (Figure 1). The percentage
narrowing of each lesion in the proximal coronary artery
circulation was assessed according to the maximal narrow-
ing of the diameter of the artery in all projections. The
extent and severity of proximal coronary disease was as-
sessed by assigning points to each lesion as follows: <50%
stenosis of the luminal diameter, 1 point; 50–74%, 2 points;
75–99%, 3 points; 100% or total obstruction, 4 points. A
Figure 1 The figure depicts the proximal segments of the coronary circulati
sclerosis (Readorn’s score). LMCA, left main coronary artery; LAD, left anter
terior descending artery. Lesions in the darkened portions were not scored.
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score of 0 was assigned when there was no evidence of
CAD. The points for each lesion in the proximal coronary
circulation were summed to give the severity score.
STATISTICS

Descriptive statistics were calculated for all of the key vari-
ables. Frequencies and percentages were measured for cat-
egorical variables; mean and standard deviation were
calculated for continuous variables. Comparisons for
continuous variables were made using the Mann–Whitney
tests and Chi-Square tests as appropriate. Yates corrections
were applied when appropriate. To analyze factors predic-
tive of CAD, multiple demographic (age, gender, race,
BMI), clinical (DM, hypertension, tobacco dependence,
family history of CAD, alcohol abuse, IVDU) and labora-
tory parameters (serum LDL, HDL, TG, cholesterol) were
used in a univariate and multivariate regression model.
Statistical analyses were performed with the SPSS (Statisti-
cal Package of Services Solutions, SPSS Inc., Chicago, IL)
software; version 17.0. The level of statistical significance
for analyses were set at P < 0.05.
RESULTS

Clinical, Demographic, and Laboratory
Characteristics of Hepatitis C Virus and Control
Groups
Baseline demographic data are presented in Table 1. There
were no significant differences in terms of age, ethnicity,
sex, or major risk factors attributable to atherosclerotic
CAD such hypertension, diabetes mellitus, body mass in-
dex, history of smoking, or family history of CAD. The fre-
quencies of the prevalent risk factors for CAD, however,
were high in both the groups. A higher prevalence of
on that was used in assessing the score for severity of coronary athero-
ior descending; CFX, circumflex; RCA, right coronary artery; PDA, pos-
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Table 1 Clinical and laboratory characteristics in cases and
controls.

Parameters HCV cases
(N = 63)

Controls
(N = 63)

P

Age (year) 60.9 � 10.5 60.8 � 10.5 0.93

Gender (male) 41 (65.1) 41 (65.1) 1

Race

White 35 (55.6) 35 (55.6) 1

AA 18 (28.6) 17 (27) 0.84

Hispanic 3 (4.8) 4 (6.3) 1

Asian 7 (11.1) 7 (11.1) 1

BMI 32.2 � 13.5 29.8 � 6.1 0.51

DM 28 (44.4) 26 (41.3) 0.72

Hypertension 52 (82.5) 51 (81) 0.81

Hyperlipidemia 33 (52.4) 43 (68.4) 0.06

Tobacco use 29 (46) 26 (41.3) 0.59

Alcohol abuse 8 (12.7) 10 (15.9) 0.61

Family history of CAD 21 (33.3) 28 (44.4) 0.20

IVDU 3 (4.8) 3 (4.8) 1

SBP (mm Hg) 138 � 26 140 � 23 0.52

DBP (mm Hg) 77 � 13 81 � 12 0.14

LDL (mg/dL) 91 � 30 88 � 35 0.46

HDL (mg/dL) 42 � 21 42 � 12 0.56

Cholesterol (mg/dL) 147 � 40 144 � 43 0.59

Triglyceride (mg/dL) 125 � 68 102 � 78 0.02

ALT IU/L 51 � 41 43 � 63 0.01

Hb (%) 12.2 � 1.9 13.1 � 1.8 0.01

Aspirin 31 (49.2) 43 (68.3) 0.03

Beta blocker 29 (46) 37 (58.7) 0.15

ACE inhibitors 30 (47.6) 32 (50.8) 0.72

Ca++ channel blocker 8 (12.7) 10 (15.9) 0.54

Statin 26 (41.3) 44 (70) 0.001

AA, African American; BMI, body mass index; DM, diabetes mellitus;
CAD, coronary artery disease; IVDU, intravenous drug use; SBP, systolic
blood pressure; DBP, diastolic blood pressure; LDL, low density lipopro-
tein cholesterol; HDL, high density lipoprotein cholesterol; ALT, alanine
aminotransferases.

Figure 2 The figure depicts the comparative frequency of involvement
coronary vessels in the HCV group and the control group.
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hypercholesterolemia was noted in the control population,
but it was not statistically significant. The mean fasting
levels of serum low density lipoprotein (LDL) cholesterol,
high density lipoprotein (HDL) cholesterol, and total
cholesterol were not significantly different between the
groups, although a higher level of serum triglycerides
(TG) was noted in the HCV group (125 � 68 vs.
102 � 78, P = 0.02). Frequency of factors such as alcohol
abuse and intravenous drug use (IVDU) were comparable
between the groups. Mean alanine aminotransferase level
was significantly higher in the HCV group compared to
188
control (51 � 41 vs. 43 � 63, = 0.01). The mean hemoglo-
bin level was significantly lower in the HCV group
(12.2 � 1.9 vs. 13.1 � 1.8, = 0.01).

Among oral medications, a significantly lower use of
aspirin (49.2% vs. 68.3%, = 0.03) and statin, a cholesterol
lowering agent, (41.3% vs. 70%, = 0.001) was noted in the
HCV group compared to controls. Both groups were
similar in terms of the use of other oral medications
such as beta blockers, calcium channel blockers, and angio-
tensin converting enzyme inhibitors (ACE) inhibitors.

Comparison of Angiographic Parameters in
Hepatitis C Virus and Control Groups
A significantly higher prevalence of coronary artery disease
(>50% stenosis) in the HCV group compared to controls
(69.8% vs. 47.6%, = 0.01) was noted. On further analyses,
the prevalence of significant, multivessel disease (defined
as > 50% stenosis in $2 vessels) was significantly higher
in the HCV group compared to controls (57.1% vs.
15.9%, = <0.0005). When the number of coronary vessels
involved in the HCV and control groups was compared, a
distinct pattern with increasing frequency of involvement
was noted in the HCV group (Figure 2). The Reardon
severity score was significantly higher in the HCV group
compared to the control group (6.26 � 5.39 vs.
2.6 � 3.03, P < 0.0005; Table 2). In addition, analyses of
the Reardon severity score of individual coronary vessels re-
vealed a higher mean severity score in the majority of the
coronary vessels (Table 2). Even in those vessels where
the difference was not statistically different, a trend toward
a higher score was noted in the HCV group.

Logistic Regression Analyses to Look for Factors
Predictive of Coronary Artery Disease
Assuming both controls and the HCV groups has the same
risk for developing CAD we performed logistic regression
analyses including both the control and the HCV group
© 2013, INASL



Table 2 Prevalence and severity of coronary artery disease.

Parameters HCV cases (N = 63) Control (N = 63) P

CAD (> 50% stenosis) 44 (69.8%) 30 (47.6%) 0.01

CAD (> 75% stenosis) 42 (66.7%) 29 (46%) 0.02

Multivessel disease 36 (57.1%) 10 (15.9%) <0.0005

Combined Reardon severity score 6.26 � 5.39 2.6 � 3.03 <0.0005

LAD: junction of middle and distal 1/3rd 1.54 � 1.54 0.71 � 1.22 0.004

LAD: proximal 1/3rd of septal branch 0.51 � 1.13 0.00 � 0.00 0.001

LAD: proximal 1/3rd diagonal branch 0.33 � 0.91 0.19 � 0.64 0.51

Proximal 1/3rd of the obtuse marginal branch of the CFX 0.73 � 1.31 0.14 � 0.59 0.003

CFX 0.89 � 1.32 0.60 � 1.22 0.18

RCA: up to and the origin of the PDA 1.38 � 1.66 0.84 � 1.34 0.06

Origin of PDA 0.59 � 0.21 0.00 � 0.00 <0.0005

Proximal 1/3rd of PDA 0.30 � 0.83 0.11 � 0.54 0.11

Severity of CAD is described as an average Reardon's score of a specific coronary artery. CAD, coronary artery disease; LAD, left anterior descending;
CFX, circumflex; RCA, right coronary artery; PDA, posterior descending artery.
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in order to analyze the factors predictive of CAD (Table 3).
Multiple demographic, clinical and laboratory variable
were included in a univariate logistic regression analyses
as reported in the Table. Age (P = 0.03, OR = 1.03, 95%
C.I. 0.99–1.06), DM (P = 0.05, OR = 2.05, 85% C.I. 0.98–
Table 3 Univariate and multivariate logistic regression analyses to

Parameters Regression P OR 95%

Upper

Age 0.03 0.08 1.03 0.99

Male gender 0.40 0.28 1.50 0.71

White 0.38 0.29 1.46 0.71

AA �0.25 0.53 0.77 0.35

Hispanics �0.06 0.93 0.93 0.20

Asians �0.39 0.48 0.67 0.22

BMI 0.02 0.39 1.02 0.97

DM 0.72 0.05 2.05 0.98

Hypertension 0.11 0.81 1.11 0.44

Hyperlipidemia 0.05 0.89 1.05 0.50

Tobacco use 1.06 0.006 2.90 1.36

Alcohol abuse �0.15 0.76 0.86 0.31

Family History of CAD 0.74 0.054 2.09 0.98

IVDU �0.37 0.65 0.69 0.13

LDL 0.007 0.39 1.08 0.99

HDL �0.002 0.90 0.99 0.96

TG �0.003 0.43 0.99 0.99

Cholesterol 0.005 0.48 1.00 0.99

ALT �0.001 0.83 0.99 0.99

HCV + status 0.93 0.01 2.54 1.22

Note: Multivariate regression analysis was performed on factors with P < 0.
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4.30), history (current and past smoker) of tobacco use
(P = 0.006, OR = 2.90, 95% C.I. 1.36–6.17), family history
of CAD (P = 0.054, OR = 2.09, 95% C.I. 0.98–4.45), and pos-
itive HCV status (P = 0.01, OR = 2.5, 95% C.I. 1.22–5.29)
were found to be positively associated with CAD. Other
look for factors associated with CAD (>50% blockage).

C.I. Regression P OR 95% C.I.

Lower

1.06 0.04 0.03 1.04 1.00 1.08

3.15

2.99

1.70

4.35

2.04

1.07

4.30 0.56 0.18 1.74 0.77 3.94

2.78

2.16

6.17 1.18 0.007 3.26 1.39 7.63

2.35

4.45 0.75 0.08 2.11 0.90 4.95

3.56

1.02

1.03

1.00

1.01

1.00

5.29 1.13 0.007 3.12 1.37 7.10

20.
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factors such as; gender, race, BMI, hypertension, hyperlide-
mia, alcohol abuse, IVDU, serum levels of LDL, HDL, total
cholesterol, TG and ALT were not predictive for coronary
artery disease in the entire cohort. Further analyses with
multivariate logistic regression analyses revealed only age
(P = 0.03, OR = 1.04, 95% C.I. 1.00–1.08), tobacco depen-
dence (P = 0.007, OR 3.26, 95% C.I. 1.39–7.63) and HCV-
positive status (P = 0.007, OR 3.12, 95% C.I. 1.37–7.10)
were significant factors that predicted coronary artery dis-
ease.
DISCUSSION

The results of this study indicate that CAD is significantly
more prevalent in HCV-seropositive patients compared to
age-, race-, and sex-matched controls undergoing evaluation
by coronary angiogram for suspected CAD. We also noted a
higher number of HCV-seropositive patients with more se-
vere coronary disease (>75% stenosis) and significantly
higher number of patients with significantmultivessel coro-
nary artery disease ($2 vessels). The study further confirmed
earlier reported results of more severe CAD in HCV-infected
patients based on a visual scoring systemadapted fromRear-
don et al.2,13 A large retrospective controlled study using the
national Veterans Administration database found a
significant association of HCV infection with CAD after
adjusting for multiple traditional risk factors.3 Similar asso-
ciations were reported in another earlier reported study.1 In
the current study we were able to show that HCV-seroposi-
tive status is a strong predictor for CAD in addition to other
traditional factors such as age, DM, tobacco dependence and
family history of CAD. Although in the multivariate model
DMand familyhistoryofCADcouldnot reach statistical sig-
nificance likely a result of small sample size.

Based on earlier reported studies, we can only speculate
on the mechanism responsible for the increased prevalence
and severity of CAD in HCV-infected patients. It is widely
recognized that chronic hepatitis C infection is strongly
associated with type 2 diabetes mellitus and insulin resis-
tance. Chronic hepatitis C virus infection promotes insulin
resistance (IR) mainly through interfering with the insulin
signaling pathway in hepatocytes and increasing the in-
flammatory response with production of cytokines such
TNF-a and IL-6 and increasing oxidative stress.14 The
resultant insulin resistance may potentially lead to deregu-
lated glucose and lipid metabolism with resultant meta-
bolic abnormalities. Several studies have found an
increased rate of atherosclerosis in patients with HCV
infection.2,7–9 In fact a recent metanalysis even concluded
an increased risk of CAD in HCV-infected individuals.15

We also noted that a significantly lower number of pa-
tients in the HCV group were receiving antiplatelet agents
like aspirin and lipid-lowering agents such as statins
potentially exacerbating coronary atherosclerosis. Poten-
tial concern for gastrointestinal bleeding or hepatotoxicity
190
may have influenced clinical decisions for such therapy.
However, lack of data on the severity of liver disease limits
our supposition about this.

The results of our study should be interpreted with
caution. Many of the known inherent deficiencies in a retro-
spective study design apply to the current research. HCV
infection was determined based on HCV antibody seroposi-
tivity; and data on HCV genotype, HCV viral load, and liver
histopathology that would have more accurately character-
ized whether the patients included in the HCV group of
patients have active HCV infection were unavailable. Infor-
mation on the treatment of HCV infection, which in some
studies has been shown to alter the lipid profile, was not
available in our study. The small sample size may have led
type I and type II errors; a larger sample size in future studies
will be useful in making a firmer conclusion. Evaluation of
the coronary angiogram was based on reported data from
multiple observers, and thus a possibility of observation vari-
ation cannot be excluded. Indications for the coronary angi-
ography was not recorded in the current study, rather all
patients irrespective of their reason for angiography were
included both in the cases and control groups. In fact,
such blinded collection of the coronary angiographic data,
we believe is the strength of the study, as there is no bias in
selection of the patients with known CAD avoiding any
spurious increase in the prevalence in either category.

In conclusion, CAD is significantly more common and
severe in HCV-seropositive patients. It is not clear whether
this association is related to the known metabolic compli-
cations related to insulin resistance in patients with
chronic HCV infection or due to under treatment with an-
tiplatelet and lipid-lowering agents because of concerns for
gastrointestinal bleeding or hepatotoxicity and these find-
ings needs to be extrapolated with caution considering the
retrospective design of the study. Further prospective
controlled studies with larger sample size are needed to
clarify these issues. We recommend physicians to remain
vigilant about the risk of CAD in HCV-infected patients
and consider treating risk factors early on and refer to
cardiologist if needed.
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